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Lo Objectives of Project 1.2, "Shock Photogrephy,® wera:

{a) To augment tha date &vailadle for tie free-air prevewre-
distance crve, And \O fovestigate the effects of iarge yields ad
yarying altitules co scalirg.

(d) To cdtain besic radim-tine 2ata in a nom-hamcgencows
styosnbere in ordsr to inveatigata the offects of & real stmcejhere
™ sdr shoels resglting from fres-eir shots.

In eddition L the requirsd date, shotk redius-time data were
chtatoed alctg the surface,and radias-time data of a ¢odl inner sone
eithia the ahock sphare vere msasured.

ALl ths 4:ts were derived Jrom films cbtained by Rigertom,
Germsdotmen wed Orier, Ine

Based acislv on the agreemeat Of the scaled rediws-tims and
roessura-distancy date uf 3408 Bighcrs, Brueatantis anl Mrcoradsa
with the stendars “rae-gtr curves, toe sryirival Jise-ais surre
eypesr to Y2 wvalid for we witk ylelds B tWw ~ 10 M and heignts of

barst wp to ~ 12,000 feet.
L&t .

varticel (pon-hownganscos stmetdere) shock arrival tiw data indicated
that 2he rste of verticel shook growth wes greater thaa that of the
horizontal. Eowever, (3 valicity of thase weloeity differemcad is
wry Ludtful becavse of Lhe great scatter in ths versical date

Conclusions are not warrented.
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Based wpoc the swrrace rediuw-~time dats of Bighorn and Sunse*,
and the cverpresswre dlatance data in thg Mach region cbtained from
Bighora, the near-idsel Duight of duxet cwrves cold de nsed witdin
the siipnlated r liahility limits.
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PRETACE

Project 1.2, "3hoek Fhotograpiy . ME a &ual role oo Operation
Dominie.

For the Fish Dl secies this project wos establiadred fnitially
to cocperats with Protect 23.2, "Oxties]l Phwmuomenslogy of Hivh-Altitude
Nuclear Detenations. ' in onder 1o msnre what . e woula be adequ ste
coverage of the dlast and shock phenomena. sand to svaluste files
of thess events suitable for a futura amslysis froa this stendpoint
P1lms of all chots werv. exaxined, and in the course of the evalimtico
measureasn’s were made of the tvo 3oet promioing, from g Dlest viev-
poiat —Shote Tight Rope ond Biue Gil: T {ple Prime. THees weds.urs-
ments vere by no means a8 complete as thase reporved dy Projuct 84.2
(Refzrence 1) nor were they signiZicantly differdnt. Yhe anslysis
of the results of thess shots 18 to de carried out under anoider
tesk for which the labdorstory has been f'mded.

Iatar. Project 1 2 was funded by Meslquarters, Defense Atomic
3upport Agency, to carry oct an invesligation of the blast and suuchk
effects of enlected shots of the Dowinic disgnostic serier carsied
out et Christmes Islaxd The findinge of these latter analyses oo
presentyd in 1bis report.. Analyses of the Fish Bovl evenis are .-.

be reported under another task

Y.a author is indedted to HAessers D. F. Banken, M. P Ghuier, or.,

D. Sarnes, and R. C. Schneiderhan of Zigerton, Jermshausen and

Grier, Inec . for their cocperstion
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The author scinowledges wod s particuarly indsdted to C. P
Dieter, A N lyors, and C. L. Karmel for their contritutions to

this prolact.
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1. Isrosrrion

The photography, which vas carried out by Edger<on, Gerweshawsen,
and Grier, lnc. (EG&G) for the L. o Atomic E.« ) Coltrussion and
used for diagnostic puwrpcses. was Ala0 usadle for shock phenocmena
astsureceats. Shock positicn-time data could be derived from the
films of various shots, ard fros such data pezX shock overpressure
a8 @ function of distance can he calculated.

1.1 Objectives. The prioary objectivis were:

8. To sugment ths Cats avajladle for the empirical free-air pres-
sure distance curve (Reference 2), und to lovestigate the effect of
increased yields and varying altitules or ccaling.

®. To obtsin bmsic shock rad’us-time data in a non-homcgenecus
atmosphere in ordar ¢C investizate the elrects oOf & resl atsosphere
on eir ahocks r2aulting from shots fired {n free alr.

1.2 Fackground. The empirical fres-air pressure distance curve
for 1 Xt at ses level corditions (Reference 2) vas based upcon nine
free-air soots vhich ranged 1o ylold from 1 ¥t to >4U kt and 3w =3'"- 1
tude from ajproximately 3500 feet (MSL) to 10,000 feet (M.1'. The ‘
&ir 4rcpe of Dominic presented an opportunity to sztand the range of ,
yields and eltitudes of free-air burs's that might be arplied to the

standard curve

1t A a1 et an

i E LR}

1 Fu el fr o gud matlic Avngiad ¢
I Bl Aoy e Frathwm
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T tnmstigation of tha effect of the o u-homcusvus atmaplwre
ou shock propegatine s basn restricted (o luge surfecs bursie and
to vt Charohse. The surface dureta were of lizmited valus becawme

of N3 s7pareat focwring of snergy upwerd which could nut be separsted
adolutely frum the pom-Nawgsneous effects (Fsferences 3 and 8). The

Charches deta (fsference %) vere also lizited decawse of the large
Webing error and the wncertairties of the canictar positiome. In e
real atsmap2ere (s ehoak welocity $9 grestar 4n the wwvard directian
(noz-domdgenecus) thas 4% 18 horfsoptally st & gives &istance. This
aflazt cen Dost e detestsd om devioss of largo Yield; it was Mcped
that thees €1fferences in tas vertical (\gvard) end horisontal ehxh
redit vould de maswreadls o the large-yield Dominte shots

1 3 8nts. Ter chots ecverisg & btroad range of ytelds end alti-
tmise vare axamingd ia £stail. To seet the chjectives and keep the
amalycis vithiis reascnable bewnds, four shots were sealacted. The
Frimary dasis of sioice war yisld, and, of coxres, vhat was weesure-
a3le 13 the filn. Ti» fowmi' eheta selected, together with other . :miuw

1rformtiics, are preeested tn ®adle )

PARIY 1~ gy

Cods Zams Yielae Wight of Murst  Alr Preceors Atlr Temersiwe
(03} at U8 at BB

Riscomada  0.0150.029 Wt 9,109 f¢ AR 11.2° ¢

Rghern 162 0M 11,810 rt 643y = 8.6 ¢

Boveatouis  9.964.06 m 12,130 ft 36 mb Tv ¢

Buseet 0.610%.03 m 5,000 rt 849 mb 16.0° ¢

* 1O LG firedall yield (€ ecaling)

12
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2. AXALYTICAL =018
fadive-time data ohtalned from the f1lme were fittad by tha msthol
of least aqurres, vith s smdoth expirical fanctica vhich could de
' dirtarentiated to give ke shoek velicity o8 & fumction of distance.
Thae wre tvo fitti=g Sonscions wed in his asalysis.
2,1 Burfeoce Pitiing YuoolScns. Yor ths surface Cata in the Mech

regica and other non-free-alr jheaomena the function wel wvas &
yolyncedal (Reference §) of the fora:

lgre=c+c (lagt) G (logt)® +.. c (g t)® ()
Differentiation yiells:
veielfc, v2 10gt e .. o, (200 02 (2)

vhere r ® shock distance from surfe~e sero
t = time
€, C,...C, * constants
2 = order of polypomial /usually between 2 and 6)
U = ghock wlocaty

2.2 TFrea-Air Pitting Tunctioos. TFor the fres-sir redics.time

data the fittiag functicn was of the form:

r Y1)
gel.lr ‘ 2 ar ¢ ¢ (¥
A A r, v¢l * r}.ﬂ
13
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Jlerentistica ylelds:

- 3.8
UsrvAlLe () ] ()
where A, B, and C are constants

r ® sk rsdive

t = 2ve

U = shosk welccity
The darivatica of Equalions 3 and & may de foun! in Meferesce 7.

2.3 Computution of Pressu~e. The ebock velocity derived from

both fitting sethcds was used to calculate overpressures by use of

the relatioa:

¢, _(s@enra] (5)

(A »
o To{@en(x -1 s1ex

80 that

?
P‘-z?.[-)*."s"-u.ror(xo-x')] {§)

vhere o1 ¢K -y ¥ (X -1)
Q= r/p,
P = peak shock overpressure

K, oy, * 1)y, -2)
K, = (yy *2)/(7y - 1) .
14
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73 ® ratio of specific heats at shock frond

%o ® ratioc of spacific lestis in front of shock
X =3ach ouxdar, U/C)
co ® axhient speed of scund

2.4 Sceling of Data. In ordsr to ccpare the bomogeneous free-

sir and surfass data vith previcus vork,the dsts were reduced to
staniard sea level conditicns

Py " 15 T pot

T, = 268k

weing Sachs sceling {Refersnca 8).

15
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3. EZSUIDS 45D DIACBSISES

De 119 wsed {2 ths analjeis are listed in Tedle 2.

TABLE 2 FHOTOGRAPHIC PLAN

a0
St Min Bo.

Righora 111033
11019

Zousatonlc 0282

Rlzsacoeda 109015
103018

Surset 0756

Photoe

graphte
Station
afc 28
Ae 29
Alc e

NC 299
NC 258

Ao 298

fosge
oW
{ee)
182,913
168,155
196,570
99,106
9,70

89,290

Bominal
fooai lsusth
{em)

15
75

S0

15
T8

(¥

Trame
Rate
{fr/acc)

All of e dats prestented were derivwd from films taken from air-

ersft. Films odtained oo tUp surface were noct wed,Decause the cloud

eover odscured the growth of tie free-air shock froat after shock

reakaway, and camsre aimlig angles vere 3usl that the euriace was

not chservadle.

The primary prodless encomntered in the films weed wers ihe

uncertaiaty of aire=eft position and the clowd cower VhAlch nlid o

odscere the surfsce phencmenology.
All in all the qQuElity of the FGLG films< was excelient, the

3ighorn f1lms were particularly goud.
Wadle free-air data vare obtained for Jighors, Bowsatonic, axd

nipconads; surface redius-tims 2ata vers mesiumadle 1n the Bighorn

and Surset films.

$
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3.1 Phenomswolomy. A sariss of photographs of Shot Bighorn is

presented in Figeres 1 through 5. The events {llustrated by these photgraphs
e odderved—I%t WBan ok pacdesarily mestwrable ——oca all OF the
shots exswined,

Photograph 1 of Lhe seriss wes fypicsl for all shots. T
tratdent shock od ihe fiseball are wigsals. Figere - shows the
incddsnt dS0K, and VIAt alTears ¢4 3¢ & secc:mt shock® closs bekind.

A claarly dafined fr=er =ons adicent to tha firehell, snd gjperemtly
cooler thun the firstell {i.e.. the £41a 45 lrss Zenmee). is also
visitls in thds pactogrsyh. The oodl fzmer zons sppeared io alil shots
exsmined ot &hoat Lhe timw of phock bresdswes, Piguras 3 oand 4 of

e asrise, pe.Jta OF the same froms, Shoy the fSuribw Seveloseral of
the fncidsnt wave, the cooler inner tome, and the interection of ke
shock and the swrface. The imcident shock $» mo loeser wi2idiz i3 5.
but the fntoractiom of the shook ard the swrisce, vl the ¥ilsch elond
chepber effect are o Aremt. Hote that the conl sone Perwisgts——Iit
s visidle on top of the rising firskail.

The ianer zome Tadims-tioe dits Wre reSwed Nrow the Bighoen,
fomatonse, a0k Ninconeda €ilm end were 7itisd by = Punctiocs of e
form of Yaua.son 1 thind erder Tae reenits are showm is Wigares
£, 7 and © vespecthely. Froatal veloelity-2istance dsta, Table 1,

show that tha fromt oF the inugr some dosd not dehawe 28 & Ji4Sk.

® The positicn tims hiccory of this aVpesest sSbock vas not msasuradle

17
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TABLE 3 INNER ZONE FRONTAL VELOCITY-DISTANCE DATA

Bakrn Boasat~ iz Rinconads

MAsue Taloeity Veloeily Yelocd

) (#t/ses) (st/sec) (fr/eee
2500 - - 1500
2600 - - 1150
2800 - - 81o
20 - - 0
AT 19 -
000 i -
$5C0 i3i0 -
&0 Si¢ 130
6500 520 950
OO o 6%
2500 - 180

Fo farthsr lavseiisadian of (his parc=nia Wb wade.
3.2 Tree Alr Dats, Por Shols Bighoa, Ereagtonie, spd Risoonads

the free-air shock errival-time dsta vere wosswad at »wst Beigat,
parallael to b3 swfese, 1.6., is a DX@ogeoecw atasepdore: and
vertically sboR Wedpi =0, i.o., 15 & e dowgenecss atrmepieTe.
Flots of the desie reliume-tipe dsta, woth Rorizoatal and vertical,
togcther with the fitted ciewes and the scefficizots of e fittis

fanetiosd (Equution 21 are prosented in the Appemdin.

i3
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The horisontal snd vertical shock arrivel-time ¢ rvss for Bigho. 7,
Hovsrtenic, and Rinmdoneda sre cempared in Plgzurss 6. 7. and §. Althoogh
tlzse curves todicate that the ebock wes groving fastor vertically
than boriscmtally, the scatter of the redius-tise data, prriteunlarly
the veriicsl data, wek great enough to cast sariowe dowdt oo
ths walidity of differences in velocities. Refer to Fgues A.l
throuzh A.6 in the Appenaix. Purther, ¢heze is anothor prodlem. and
that 5 the fitling Duzotiocn itoelf. The fumetiow wisd, Equativa 3,
wes Sseigusd for we with the homogenscue free-sir situation amd
aot £or wha vertical froe-sir case. The effects of 3his functior
won wrileal madiw-tine data will reguire frtder fnweetigation.

Conslaions pertalning 0 shiek propegation 1a & nOB-HOBOgELEOUS
atncspkese based poa theze daits are not warranted at this time.

Peak shosk overpresswure~distance data in the homogensous atwoe-
share for Righorm, ¥Yostatonic, and Rinconsda mey be seen in Figures
. 10 and 11.

3 3 Scaled Frea-Alr Tmta. Tne howogeasowm free-alr shock

arrival.-ti=e dals for Bighom, Housatonie, and Rinvonsda radwesd o
1 Kt at s3s level conditicone are pressnted f2 Figwe 12 ALY thre
sels of dats ere in egreemsnt WIh the standard eurve.

The reduted peaX £hock owerpressure-~disisnce fats ars cospar-4
to the erpirical 1 ¥kt frec-air cwmve in Flgure 13, Bighorn axd
Bousstcoie are in close agresment with thé curve. The #lop.. of the
Riacopads da.. ie slightly diffsrent but Ifes within the scaiter of

the staniard curve.
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Based svisiy <o lbe strsualh of the agroomeat ¢
time a4 overpressure-distance data it appesrs as though the
empiricel free-oir curvss are valid for ylelds &8 uig) a8 ~ 10 Nt
and heights of buret s2 Alzh a3 12,000 feet.

3.4 Surfaze Data. e interazticn of the shoel front and the

ocesn surface oypsased a3 am ellipse In the aircraft files of several
shols. Messurexents asfe along th? sajor axis of the ellipee cculd
be read a8 & diauster providad that the wajor axis coincidad with the
lins farmed by tha plame of messureasnt and the surface plane.

It vas poasidls 20 mike weaful suwrface masuresments on Bighorn
and Zunsst. The swiace ndiw-iime dsle are coaparsd ¢o curves
deriwd froa tbe near-ideal arrival time beight of buret (HCR) clarts
of Mefarence §, in Figure 14.

The Sunset experimvntal radim-time dats 25d the scaled NOB
arrival tize data are in swprisingly good sgreesent.

The Bighorn experissnicl data ars displaced frome the scaled MOB
chart redius-time curve, dut these data lie within the stated relt-
ability limits (2 10%) of the HOR chart (Reference 9). Toe divirgence
of the Bighora data from the curve increases with time; this ‘ncreese
is attriduted ¢o the d2crease in the cptical msguification caused
by %be airersit soving farther away £roa weapon sero.

Peak shonk cverpresscre-~ijstance data vere calculated {n the
Nach region. (The Mach atow was not visidle; it vas assumed O hu <
been formed by the time the surface shock hed resched a distance
equal 0 ths daight of durst.) Thess experimental dats are compared

20
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19 surrace pressuro-digrante cw vea Qrrived [res Lim omar - idsal Oeis-
srossure haight of duxyt cherts (Reference Siin Figores 16 and 1b

Tre fregvent of tde Susset pressurv-distance dsta $s not in
ggreeTent with they peer-idecl curve in the comparabla resions.

i the expwrizental Sicsat date vera sxtrapolatsd ——a dgngercus
procedue———the extrapolated date wouwid appes. Lo egree with the
otar-~idcal curve.)

The Bighorn preasure distance data show a faoter decay than
the niar-1dsal curve,tut the differsnces in pressiures &t vorrespond-
ing distences are relatively small; the waximm is oo more than "¢
The stipulated reiiantiity attached to the neai- {884l Psak shack
overpressure WC3 chart i & 15% {Refereme ).

Superficially, it wvould appear that the ncar-ideal height of
burst charts could de used vithin the reliadility limits stipulated

by Raferencd 3 up to ylelds cf ~ 8 M.
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5. COXCLIRICNS AXD FROCIAFXDATIONS

Zased solely wpom the egiveswat Of tis scaled raifvs-tiwe and
P22k chock overpresswre-distance dsta of Shots Bighora, Houeatonie,
snd Fimconada with the standari free-&ir curves, it appears as \hough
the sapirical free-air curves are valid for wse vith yields wp 20
~ 10 Et and to heighis of bursts wp to ~ 12,000 feet.

Msod oz swrface radliwm-time Gata of 2ighors and Sunset, axd
presawis-distance Aata iz ths Meh regics odtaisnd froa Bighore
1¢ sppeare — ot lesst swer.icially~—as though the near-ideal height
of durst cwrves con. " be wied within the reliadility liwits stipulsted
ia Meference 9 wp t0 yleldsot ~ 8 .

Although the horisontal and vertical redius-tine dats obtained
12 free ai> indicated that the wvertical shock grewth was fastsr than
that <2 the horizontal, to= scatter of the data was great enough to
tase the apparent diffeseuces ia e velocities very &mp ¢l Com-
clusions sre nct wvarranted.

The scatter of these radius-tize data wull have deen decresned
consideradly, pertips dy am order of magnitule, if the smoke ookl
technique could have besn wsed; {e.g., the Fedwirg-Cherokee experiment,
Reference 4). If such experimnts o8 those of the Dominiz sericc +re

sver carried out again, the use of smoks rockets {8 recomsended.
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PEAK SHOCK OVERPRESSURE (PSI)

8 83828
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HORIZONTAL JISTANCE FROM WEAPON TERO (FEET!

Pigurc 11 Free-air. peak-shock overpressure versus nusiz. ~tal
distance from weapon zero, Shnt Rinconads
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Figure 13 Free-air pressure-distance data for Shots Bighorn. Housstonic,
and Rinconada, scaled to 1 kt at standard sea ievel conditions.
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PEAK SHOCK OVERPRESSURE, REDUCED TO §° +-LEVEL (PSY)

90}— =1 KT SURST AT 600" SCALED TO

80}~ == SHOT BIGHORN, FITTED DATA
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Figure 13 Surfare, pressure-distance dats in the Mach regios for Shot Bighorn,
compared 1o data scaled {rom near-ideal overpredsure ROB charts.
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BASIC MUTUB-TIME DATA
e desis resiw-time data are gives in Figures A.l through A6,

Tos eosffistisats for Cjuation 3 uacd to it the {rwe-ajr data of
Shots Bighorn, Bowsatonic, aad Kincomeda are gives i Tehae ALl

TABLE A.1 COEFFICIENTS FOR EQUATIUN 3

Bighora
Srisostal

Borioutal
Wrtieal

e evefficients for Equalion 1 thurd order) whic- ser s used
0 it e swriese data of Shots Bighorn and Swnset we gives ia Tablo ..

A

B5R.00
1756

963.13
121.%

1165.47
9. T8

00T3.18
T991.33

167.38
T887.87

N9e.8)
$103.97

0.033396
«0.06573

«6.016609
<0.155640

«0.125550
0.0Ba06

TABLE A2 COEFFITIENTS FOR EQUATION 1 (o HIRD Oatbe ke

Shot
ghora

¢
-61.29

585.52

6
45.50
901.33
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